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Abstract: Although there are no published studies and limited data documenting damage by rodents 
in Hawaiian caves, our incidental observations during more than 40 years of surveying 
caves indicate that introduced rodents, especially the roof rat, Rattus rattus, pose significant 
threats to vulnerable cave resources. Caves, with their nearly constant and predictable 
physical environment often house important natural and cultural features including biological, 
paleontological, geological, climatic, mineralogical, cultural, and archaeological resources. All 
four invasive rodents in Hawai‘i commonly nest in cave entrances and rock shelters, but only the 
roof rat (Rattus rattus) habitually enters caves and utilizes areas in total darkness. Skeletons 
and feces have been found in the deepest passages, sometimes over a kilometer from the 
nearest known entrance although the animals may have used nearby small, inconspicuous 
entrances. Their impacts include damage to rare native plants in cave entrances; predation 
on vulnerable cave-inhabiting species, such as Thaumatogryllus tree crickets, and native 
moths roosting in caves; destruction of the irreplaceable remains of the extinct terrestrial 
fauna; damage to organic material associated with cultural and archaeological resources, 
thereby obscuring the historical record of humans in the islands; introduction of unnatural 
nutrients into subterranean ecosystems via their bodies and feces allowing the colonization 
of caves by other harmful alien species; and disturbance of research sites. Furthermore, 
the extirpation of colonies of cave-roosting moths has impacted native birds nesting in the 
entrance and twilight zones.
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INTRODUCTION
Caves, with their nearly constant and predictable 
physical environment, often protect important 
natural and cultural resources from degradation 
especially by weathering. In Hawai‘i, caves contain 
important biological, paleontological, geological, 
climatic, mineralogical, cultural, and archaeological 
resources (Howarth & Stone, 1982; Stone et al., 2007). 
Specifically, caves are home to diverse communities 
of highly specialized native animals adapted to live 
only underground (Howarth, 1991; Stone & Howarth 
2007). Caves also hold an irreplaceable historical 
record of the extinct terrestrial biota of the islands 
(James & Olson, 1991; Burney et al., 2001; Paulay 
& Starmer, 2011; Ziegler et al., 2016) as well as a 
record of human culture through time (Sinoto, 1992; 
Bollt, 2005; Burney & Kikuchi, 2006). In addition, 
cave entrances often provide refuge for unique native 
plants and animals (DLNR, 2003). 
There are no native rodents in Hawai‘i, but four 
species have been introduced to the islands by 
humans: the Polynesian rat (Rattus exulans) was 
introduced to Hawai‘i circa 800 years ago by the early 
Polynesian voyagers; the house mouse (Mus musculus) 
and brown rat (Rattus norvegicus) were introduced 
post 1778; i.e., shortly after western contact; and roof 
rat (Rattus rattus) established in the 1870s (Atkinson, 
1977; Tomich,1986). All four species commonly nest 
in cave entrances and cavities, but only the roof 
rat habitually enters caves and can utilize areas in 
total darkness. Rattus exulans prefers open habitats 
in the lowlands, but it is widely distributed in the 
islands and also occurs in upland rain forests. It can 
climb trees to feed but nests on the ground. Rattus 
norvegicus prefers urban and lowland open habitats. 
It nests on the ground and rarely climbs trees. It is 
rare or non-existent in upland rain forests. Rattus 
rattus is the most plastic in the habitats used by the 
rodents in Hawai‘i and is the dominant rat in many 
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habitats. It is an excellent climber and nests both on 
the ground and in trees (Atkinson, 1977; Stone et al., 
1984; Tomich, 1986).
Although there are no published studies and limited 
data illustrating damage to cave resources by non-
native rats in Hawai‘i, our incidental observations 
during more than 40 years of investigating caves 
indicate that introduced rodents, especially the 
roof rat, Rattus rattus, poses significant threats 
to vulnerable cave resources. Our goal here is to 
describe the environmental impacts of non-native rats 
in Hawaiian caves, including damage to rare native 
plants in cave entrances, predation on biological 
resources, destruction of the irreplaceable remains of 
the extinct terrestrial fauna, loss of organic material 
associated with cultural and archaeological resources, 
introduction of unnatural nutrients into subterranean 
ecosystems, and disturbance of research sites.
METHODS
We examined as many caves as possible under the 
restraints placed by the objectives that were defined 
under each grant or contract. Our cave surveys were 
conducted between 1971 and 2012 and included 
limestone and lava tube caves on Kaua‘i and O‘ahu, 
lava tube and piping caves on Moloka‘i, and lava 
tube caves on Maui and Hawai‘i islands. On Hawai‘i 
island, the lava tubes surveyed ranged between sea 
level to 3,900 m elevation above sea level. Lava tubes 
are common landforms on young shield volcanoes, 
and range in size from a few meter-long shelters to 
extensive systems 50 km or more long and descend 
over 1,000 meters in elevation. (Kauahikaua et al., 
2009; Richards et al., 2018).
The caves were explored by teams using standard 
caving and safety techniques (NSS, 2019; Wynne et al., 
2019). Our research focused primarily on cave-inhabiting 
arthropods and their adaptations to the environment 
(e.g., Hoch & Howarth, 1999; Stone & Howarth, 2007; 
Wessel et al., 2013); however, the presence and condition 
of other resources were noted when encountered. A few 
caves were entered repeatedly and studied intensively 
for ecological research (e.g., Howarth, 1981; Howarth, 
1983). We also participated in cave projects that focused 
on paleontology (e.g., James & Olson, 1991; Ziegler 
et al., 2016), archaeology (e.g., Hammatt et al., 1978; 
McEldowney & Stone, 1991; Howarth & Stone, 1993), 
and management (e.g., Stone et al., 2007). 
Rats and their impacts were not the primary focus 
of our cave inventories, but evidence was noted when 
recognized. Thus, our observations likely underestimate 
the level of damage since more severe damage was 
more likely to be recognized than would more cryptic 
impacts. Since rat occurrence in caves was not the focus 
of our work and preservation was often poor, voucher 
specimens of the bones of dead rats were not collected.
RESULTS AND DISCUSSION
During our early surveys, we could not determine 
whether the occasional rat skeleton found represented 
animals living in the caves or were accidentally in 
caves and became lost as victims of their wanderlust 
behavior. However, the frequency, types and location 
of rat damage observed indicated that rats were 
frequently entering caves for shelter, food, and water. 
Also, rats often found and disturbed our bait stations 
and pitfall traps relatively quickly, often within a day 
or two of their deployment, which further corroborated 
their ability to navigate and exploit resources in 
complete darkness. Importantly, the presence of fresh 
rat feces at the disturbed study sites confirmed that 
the culprits were rats.
Rodent remains found in deep cave zones were 
apparently all Rattus rattus. Species determination 
was confirmed for rats captured in snap traps set 
to protect our traps and baits used to sample cave 
animals. For other carcasses, determination was 
based on size of the remaining skeleton. R. exulans 
is significantly smaller than R. rattus; whereas R. 
norvegicus is usually considerably larger (Tomich, 
1986). In addition, R. rattus is an excellent climber 
and occurs in a wider range of habitats than the other 
species of rats (Atkinson, 1977; Stone et al., 1984) 
and, therefore, is more likely to be found in caves.
Evidence of the presence of rats was noted in at 
least a few caves on all islands, but most observations 
of rat damage to cave resources were made in lava 
tube caves on Maui and Hawai‘i islands. Specifically, 
rat damage was noted in five lava tube systems on 
Haleakala on Maui, and in many of the 100s of lava 
tube systems surveyed on Kīlauea, Mauna Loa, and 
Hualālai volcanoes on Hawai‘i island. Although we 
collected data on rat presence or damage in a non-
systematic way, a survey of 14 lava tubes within 
Hawaii Volcanoes National Park (Howarth & Stone, 
2008) provides a rough approximation of the scope 
of the problem. The caves ranged from near sea level 
to 3,800 m in elevation. Rats and rat damage were 
recorded in nine caves from sea level to 1,525 m, i.e., 
64% of the total caves surveyed. 
Resource damage by rats was observed from the 
entrance to deep within caves, sometimes more than 
a kilometer from the nearest known entrance -- 
although rats would be able to use small inconspicuous 
entrances to gain access to these areas of the caves. 
The degree of damage ranged from incidental feeding 
to severe; that is, nearly complete destruction of the 
resource. For example, rat damage was noted on a 
wide range of cave resources including feeding on rare 
native plants growing in the entrance zone, preying 
on native cave-inhabiting arthropods, damaging 
archaeological and cultural materials, gnaw marks 
on or completely destroying paleontological deposits, 
and disturbing research sites. In addition, dead rats 
and their feces provide novel food, which may allow 
other non-native species to colonize the caves. These 
impacts are described in more detail below.
Damage to rare native plants in cave entrances
Pit-like cave entrances often provide refuge habitats 
for native plants since pits capture and retain moisture 
and nutrients beneficial to plant growth (Howarth, 
1983). Equally important, pits prevent alien ungulates 
from entering and eating the plants (Wynne et al., 
37Impacts of invasive rats on Hawaiian cave resources
International Journal of Speleology, 49 (1), 35-42. Tampa, FL (USA) January 2020
2014). Many rare and endangered native Hawaiian 
plants survive in these refuge pits (USFWS, 1996; 
DLNR, 2003). Rodents, however, can easily enter pits 
and seriously damage vulnerable species. Impacts 
include damage by their chewing on plants (Fig. 1) and 
by disrupting successful reproduction especially since 
seeds and fruits would tend to remain within the pit 
(Chimera & Drake, 2011). Several federally protected 
native plant species are known primarily from cave 
entrance pits on Hawai‘i island: notably Delissea 
undulata (Campanulaceae) and Pleomele hawaiiensis 
(Asparagaceae) (USFWS, 1996; Richards et al., 2018). 
Rat depredation is considered a serious threat to 
native Hawaiian plants (USFWS, 1996). Stone (1985) 
lists examples of endangered plant species damaged 
by Rattus rattus in Hawai‘i.
Fig. 1. Rat damage on a tree trunk of the endemic Hawaiian tree, 
Olapa (Cheirodendron trigynum), growing in cave entrance pit in S. 
Kona on Mauna Loa (Photo by D.J. Ward).
Damage to biological resources in caves
Rats are omnivores and will feed on almost any 
organic material they find. Their scavenging on 
decaying organic matter may compete with native 
scavengers. They feed on plant roots in caves, and 
thus, compete with native rhizophagous arthropods, 
and they prey on any cave animals they encounter. 
Cave-adapted arthropods may be especially vulnerable 
since they generally move slowly even when disturbed. 
For example, Thaumatogryllus (Fig. 2) cave crickets, 
found on Hawai‘i and Maui, are large (>1 cm in length) 
and feign death when disturbed. This behavior would 
make them especially vulnerable to rat predation.
Rats are implicated in the extinction of native 
cave species, especially several species of large 
moths that once roosted in Hawaiian caves in huge 
colonies (Ziegler et al., 2016) much like bats and the 
continental cave crickets do in other regions. Two 
groups of native moths displayed this behavior: an 
underwing Hypocala velens in the family Erebidae, 
and cutworms in the genus Peridroma (and perhaps 
also the related Agrotis) in the family Noctuidae. 
Perkins (1913) reported that H. velens adults roosted 
Fig. 2. Adult female of a Thaumatogryllus tree cricket from East Maui 
lava tube cave (Photo by W.P. Mull).
in caves and rock crevices and emerged at dusk in 
huge numbers. Perkins found these colonies were 
more common in the lowlands, but he discovered a 
large colony in a cave on Haleakalā, Maui, at 2,750 m 
elevation. We found only one cave specimen of this 
species during our surveys; the adult moth was roosting 
on the ceiling in a cave on the north slope of Mauna 
Loa at approximately 1,500 m. Although now rare, the 
species may persist undetected in small colonies. 
There are about six Peridroma species endemic to 
Hawai‘i and 16 species of the closely related Agrotis. 
Several species of Peridroma once roosted in caves, 
and a few colonies still survive in high-elevation 
caves on Mauna Loa (Bonaccorso et al., 2016; Ziegler, 
2016). The cold, dry rocky desert over the caves is 
largely inhospitable to rodents and probably has 
impeded their invasion. In the 1980s, we found a large 
colony, numbering many 1000s of individuals, of an 
unidentified Peridroma species roosting in a cave on 
the north slope of Mauna Loa at about 3,900 m. Moths 
leaving the cave at dusk formed a huge funnel cloud 
darkening the sky for 10 to 15 minutes as the moths 
dispersed downslope towards the saddle between 
Mauna Loa and Mauna Kea. This colony disappeared 
circa 1990. In September 2005, we found a second 
colony of Peridroma in a nearby cave at 3,800 m. This 
colony numbered at least a few hundred adults, but 
an accurate count was not possible because moths 
were tightly clustered in crevices on the walls and 
ceiling (Fig. 3). A permanent pool of ice covered the 
floors of both caves. How cave roosting moths find 
their way back to their roost is unknown but may be 
analogous to the cave roosting Bogong moth, Agrotis 
infusa, in Australia (Warrant et al., 2016).
A few other colonies of moths in caves on Mauna 
Loa have been reported in the literature. Bunnell & 
Giffin (2000) collected a dead Peridroma albiorbis in 
Big Red Cave, a lava tube at 3,000 m elevation on 
Mauna Loa. Bonaccorso et al. (2016) reported living 
and dead adult moths (Peridroma) in 13 lava tube 
caves between 2,200 and 3,600 m elevation on Mauna 
Loa. Incidentally, the native Hawaiian bat, Lasiurus 
cinereus semotus, was detected hunting around the 
cave entrances at dusk (Bonaccorsoet al., 2016).
In addition to bats, native birds were also associated 
with these moth colonies. The ‘Apapane (Himatione 
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Fig. 3. A cluster of Peridroma sp. in a high-altitude cave on Mauna 
Loa (Photo by F.D. Stone).
sanguinea) frequently nested in the entrance and 
twilight zones of caves that supported moth colonies. 
Van Riper (1973) reported ‘Apapane nesting in several 
high-elevation caves on Mauna Loa and Hualālai but 
did not note the association with moth roosts. We 
found dead moth remains in all the caves in which we 
found ‘Apapane nests (Fig. 4). Finding ‘Apapane nests 
in caves is highly unusual as this species typically 
nests high above the ground in trees (Van Riper, 
1973). However, the easy access to adult moths as food 
for nestlings would have provided a strong stimulus 
for this behavior. Many of these nest sites in caves 
are no longer active indicating that the loss of moth 
colonies may have also decreased the distribution 
and abundance of ‘Apapane.. In addition, the nests 
accessible to rats would be vulnerable to predation.
Fig. 4. ‘Apapane (Himatione sanguinea) nest on shelf in the twilight zone 
of a of a high-altitude lava tube on Mauna Loa (Photo by F.G. Howarth).
Cave-roosting moths probably occurred on all 
the main islands, but except for Perkins’ (1913) 
observations on Hypocala on Maui and lowlands 
generally, records for islands other than Hawai‘i and 
Maui are lacking. Cave-roosting moths may have been 
an important faunal element in Maui caves in the 
recent past, but there is no evidence that any survive. A 
large colony of an unidentified Peridroma species once 
occupied Crystal Cave in Haleakalā Crater at 2,300 m 
elevation. The entrance is wide and low and leads to 
a single room 10-15 m in diameter, which is all in 
twilight. At the time of our survey in 1976, the dry floor 
was entirely covered with a several centimeter-deep 
layer of dust and moth fragments. No living moths 
were found. Rat feces were also abundant, which 
suggested a reason for the collapse of this colony of 
moths. However, populations of native cutworms have 
also sharply declined early to mid-20th century due to 
the purposeful introduction of biological control agents 
to control their larvae (Gagné & Howarth, 1985). The 
larvae of a few of these native cutworms became pests 
of lawn grasses, crops, and other valuable plants, 
and several non-native predators and parasites were 
introduced in an attempt to control these pest species 
(Gagné & Howarth, 1985). Thus, it may have been a 
combination of introduced biological control agents 
and rats that resulted in the substantial loss of cave-
roosting moth populations. 
Damage to paleontological resources in caves
Caves are the premier depositories of the remains 
of pre-human life in the islands (Burney et al., 2001). 
Cave entrances often act as pitfall traps for ground 
dwelling animals (James & Olson, 1991). 
Plants that grow in or near entrances can become 
buried by sediments falling into pits during floods or 
collapse of the pit walls (Burney et al., 2001). Surface-
inhabiting animals occasionally enter caves, and 
some become disoriented and die there. Their remains 
provide a discontinuous record of island life over time 
(James & Olson, 1991; Olson & James, 1991; Paulay 
& Starmer, 2011; Ziegler et al., 2016). So far, buried 
fossils are protected from direct rat damage (e.g., 
Burney et al., 2001), but organic and mineralized 
fossils exposed on the cave floor can be damaged or 
destroyed by rats (Fig 5). Rats may be rapidly gnawing 
their way through this unique record of the history 
of life in the islands. We have noted substantial rat 
damage on fossils of extinct land snails, crabs, and 
birds (Fig. 6).
Damage to cultural and archaeological  
material in caves
During pre-contact times, i.e., between the arrival of 
Polynesians circa AD 1200 (Wilmshurst et al., 2011) and 
the arrival of Europeans in 1778, the native Hawaiian 
peoples used caves extensively for habitation, refuge, 
water catchment, burials, caches, and many cultural 
and ceremonial purposes (Martin, 1992; Sinoto, 1992; 
Fig. 5. Close-up of damage by rats on leg bones of an extinct moa-nalo, 
Ptaiochen pau (a large flightless goose-like duck), in a lava tube in 
Kipahulu Valley, Maui.  (Photo by F.G. Howarth).
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Bollt, 2005; Esh et al., 2008). Organic and mineral 
artifacts left in caves by Hawaiians are susceptible to 
the depredations by rats. Once destroyed the evidence 
of human use of caves is lost, and the historical 
record of humans in the islands is obscured. For 
example, Hawaiians commonly excavated small water 
catchment basins into the cave floor beneath drips 
(Martin, 1992) (Fig 7). Cultural material left at these 
basins reveal how and when they were made and used 
(Esh et al., 2008). Rats can damage or destroy much 
of this evidence thereby erasing part of the cultural 
history of Hawai‘i. Rat damage at water catchment 
sites includes destruction of marine shells used as 
dippers, remains of torches and other organic debris 
associated with the basin, and calabash gourds (Fig. 8) 
used to collect and transport water. 
Introduction of unnatural nutrients into caves
The roof rat (R. rattus) is pervasively invading into the 
deepest parts of caves in search of food, water, or from 
wanderlust. Feces (Fig. 9) and diaspora carried into 
caves by rats, along with their dead bodies, introduce 
unnatural foods into the subterranean ecosystem 
that may allow other harmful alien species to colonize 
caves. Populations of non-native cavernicoles that 
may benefit from the presence of rats include a few 
Fig. 6. Two photographs showing range of damage done by rats on 
bones of an extinct Hawaiian goose in a lava tube in S. Kona on Hawai‘i 
Island: (Top) moderate damage; (Bottom) severe damage making 
identification and taphonomy impossible (Photos by D.J. Ward).
Fig. 7. Small water catchment excavated into cave floor in a lava 
tube in N. Kona on Hawai‘i Island. The white color is ash and mineral 
deposits from torches. The rocks, or ‘manuports,’ are props for 
supporting a calabash gourd or torch (Photo by D.J. Preston).
Fig. 8. A calabash gourd, which has been heavily damaged by rat(s), 
present at a cultural site in a lava tube in S. Kona on Hawai‘i Island.  
The black lens cap denotes scale (Photo by F.D. Stone).
species each of isopods, springtails, beetles, and flies. 
Among the flies, non-native scuttle flies (Phoridae) 
commonly are attracted to rotting meat and thus 
suspected of feeding on rat carcasses; however, these 
small flies rarely leave any trace on skeletons.
Many (uncounted but perhaps 5%) rat skeletons 
in caves are associated with large accumulations of 
calyptrate fly puparia. Curiously, all that have been 
identified belong to the muscid fly, Synthesiomyia 
nudiseta. Apparently, S. nudiseta can out-compete 
the other approximately 15 species of large non-native 
necrophagous flies recorded in Hawai‘i, and complete 
development in total darkness. In arthropod surveys 
in surface habitats, S. nudiseta is often present but is 
not as common as many related species (Howarth et 
al., 2012). 
A few native cave species, such as some collembola, 
isopods, millipedes, and flies, can also feed on this 
imported material. Steffan (1973) described a native 
black fungus gnat, Phytosciara (Prosciara) vulcanata, 
from adults reared from fungus covered rat feces. 
Disturbance of research sites
The speed and frequency at which rats find and 
disturb bait stations and pitfall traps in caves 
indicate that they are frequent visitors and well-
adapted to navigate complex mazes in total darkness. 
Rats also occasionally disturb or damage study 
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sites and equipment such as atmometers and 
hygrothermographs. Their presence has required us 
to protect sampling stations from their depredations 
by placing sampling material on high ledges or under 
rocks; that is, out of reach of rats. When possible, we 
also set snap traps, which both lowers the risk they 
represent, while also providing additional bait for our 
sampling (Fig. 10). We have not yet found evidence 
of rats nesting in deep caves and conclude that rats 
probably are not residents within caves but visitors.
Conservation implications
We have documented examples of real and potential 
threats caused by invasive rats on cave resources 
in Hawai‘i. However, since our observations were 
incidental and not quantified, the true severity of 
these threats is unknown. We, therefore, encourage 
researches and other persons studying caves to 
be aware of the problem and accurately record 
evidence of rat activity and related damage, not only 
in Hawai‘i but wherever invasive rats occur. With 
better documentation, it will be possible to perform 
specific research programs to quantify rat impacts 
and to develop appropriate monitoring and mitigation 
programs. Several public and private agencies in 
Hawai‘i are supporting research on protocols to 
effectively control rats in sensitive habitats [e.g., 
Department of Land and Natural Resources (DLNR), 
National Park Service, and The Nature Conservancy]. 
Caves should be included in that effort. 
In a few instances where we noted rat damage was 
severe and on-going, we made recommendations to 
control rat populations in and around the affected 
cave or to fully inventory and/or retrieve the resource. 
However, many of the examples we recorded are so 
widely scattered in different caves, that, with few 
exceptions, it is not feasible at present to develop 
programs to address the issue. 
One issue that should be addressed currently is 
the impact of rats on populations of cave-roosting 
moths. Currently, most large colonies of these moths 
occur outside the range of invasive rodents; that 
is, in lava tubes on sparsely vegetated lava flows at 
high elevation. The cold environment with few food 
Fig. 9. Fungus covered rat feces in a lava tube in S. Kona on Hawai‘i 
Island (Photo by D.J. Ward).
resources for rodents has slowed their dispersal into 
this habitat. However, they would be able to follow 
human hiking trails and roads, especially if humans 
are discarding trash along the trail. Trail mixes of 
grains, nuts, and dried fruits are excellent baits for 
rats. High altitude trails should be monitored for the 
presence of rats and the discarded organic material 
removed. In the early 1990s, resource managers at 
Hawaii Volcanoes National Park rerouted a summit 
trail on Mauna Loa to bypass a cave with a known 
population of moths in hopes of preventing rats from 
finding the cave. Additionally, caves harboring moth 
colonies or nesting birds should be monitored regularly, 
and if rats are suspected, an appropriate control 
program should be initiated before the colony collapses. 
Problems posed by rodents outside of Hawai‘i were 
beyond the scope of the present study although 
such impacts certainly occur. Rattus rattus is a 
cosmopolitan pest widely recognized as one of the 
most damaging invasive species worldwide (Global 
Invasive Species Database, 2020). Our observations 
in Hawaiian caves indicate that rats pose similar 
problems in other regions of the world. We encourage 
researchers to record their observations of rodent 
activity in caves. Caves in continental areas often 
harbor native vertebrates, including rodents [e.g., 
Neotoma rats in North American caves (Dunning & 
Payne, 1979; Clark et al., 1994)], which may also 
disturb cave resources. For example, Clark et al. 
(1994) provide circumstantial evidence of the native 
wood rat, Neotoma floridana preying on endangered 
Ozark big-eared bats (Corynorhinus townsendii 
ingens) roosting in Oklahoma caves. 
Fig. 10. F.D. Stone collecting arthropods from a rat carcass killed by 
a snap trap in a lava tube on the East Rift on Kīlauea, Hawai‘i Island 
(Photo by F.G. Howarth).
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